The Higuchi square root law 1) has been used by many researchers who have corroborated its ability for describing the dissolution profiles of a soluble drug from an inert matrix.
Nevertheless, a deviation in the applicability of the square root law was demonstrated. The profiles analysed have shown a change in the Higuchi's slope at a determined time. Farhadieh (1971) 3) concluded that this fact is related to the geometrical form of the matrices, a flat tablet shows a linear relationship during a longer time than a spherical tablet. Fessi 2) assumed that the change in the profile is due to a modification in the release mechanism that appears when the tablet has been completely penetrated by the dissolution liquid. From this moment the Higuchi law is not valid and the dissolution performs according to a simple diffusion model. The time required for the change in the dissolution process is called the critical time. Finally, Stam 4) concluded that for tablets with high porosity (low hardness) the change in the slope is probably due to a change in the release mechanism, but for tablets with low porosity the differences in density in the tablets are responsible for the change in slope.
On the other hand, the percolation theory has been applied to optimise controlled release inert matrices. Bonny and Leuenberger explained the changes in dissolution kinetics of a matrix controlled release system over the whole range of drug loading, on the basis of percolation theory. 5) Taking into account the Higuchi model and the percolation theory, these authors derived a mathematical model for the estimation of the percolation thresholds in inert matrices. 5, 6) Since these initial communications, the new percolation model has been applied to optimise controlled release matrices. 7, 8) According to the percolation model proposed, to calculate the percolation thresholds of drugs, the dissolution assay must be performed keeping only one side of the tablet exposed to the dissolution medium. In this sense, the matrices are embedded into paraffin before the beginning the dissolution assay. This fact supposes a practical disadvantage for the application of this method to estimate the percolation threshold in the pharmaceutical industry.
The objective of this work is to calculate the percolation thershold of LBD in Ethocel ® 100 and Eudragit ® RS-PO from release assay in which the total surface of the tablets was exposed to the dissolution medium. For this reason, it was necessary to develop a new mathematical method to transform the amount of drug release (mg) in the dissolution assay, in amount of drug release per surface area (mg/cm 2 ). Obviously this transformation must take into account the changes in the drug/water interface during the dissolution assay.
tal conductivity-meter linked to a chart recorder and an IBM-compatible personal computer. The validation of the analytical method as well as a preformulation study of the LBD were previously reported.
9)

Results and Discussion
Matemathical Procedure Figures 1 and 2 show the dissolution profiles of LBD in Ethocel ® 100 and Eudragit ® RS-PO matrices respectively. As it can be appreciated, a lower release rate was obtained for Eudragit ® RS-PO than for Ethocel ® 100 matrices. The square root plots were performed for all lots by plotting the amount of LBD released (mg) versus the square root of time (min 1/2 ). With the exception of lots consisting of 70 and 75% polymers, a change in the Higuchi's slope was observed in every release profile.
As has been explained in the introduction section, the time corresponding to this change is denoted as "critical time" (q). This parameter can be estimated by a visual change in the dissolution profiles.
2) An example of this estimation can be observed in Fig. 3 . Table 2 summarises the results in the estimation of q for all the studied lots. The higher the LBD load in the matrices, the lower the critical times determined. This is due to the decrease in the height of the matrices. As has been indicated, a fixed drug dose was employed (150 mg), therefore the tablet weight as well as the tablet volume decrease as the percentage of LBD increase.
Lai and Carstensen 10) have shown that for cylinders, there is a linear dependence with time of radius (r) and height (h) of the region containing solid drug, with common rate constant (k), as follows: If h 0 Ͻr 0 , k is determined as (3) q: critical time
The mean surface area experienced by the diffusing species at time t is denoted by O (t) and is given by the following Eq. 2. (4) According to Fessi, the diffusional cross section, O (t) , at any time point will be determined as an average between the initial surface area (O (0) ϭ2pr 0 (r 0 ϩh 0 ), the area of the initial cylinder, which is also the value limit of O (t) when t decreases to zero), and the surface area of the boundary of the ghost portion (L) as a function of time:
In this paper, a simple method to calculate the values of mean surface area in matrices of LBD is proposed, through the direct integration of Eq. 4, which results in Eq. 7. (7) Employing Eq. 7, it is possible for the first time to have an estimate of the mean surface area of the matrices as a function of time. This measure can be used to transform the amount of drug released (mg LBD) in amount of drug released per surface area (mg LBD/cm 2 ). Therefore, the proposed Eq. 7 can provide intrinsic release data whenever an intrinsic dissolution assay can not be carried out, as for example for tablets laving no flat sides.
In over case, these date have been used to estimate the percolation threshold of LBD following the method of Leuenberger and Bonny (see following section).
The results of mean surface area at critical time (O (q) ) using the proposed Eq. 7, are compared with the values obtained using the Fessi's method, which includes the use of Eqs. 1, 2, 3, 5 and 6. Figure 4 shows the results of this comparison. As it can be observed, constant values (O (q) ϭ1.272 cm 2 ) are achieved using the Eq. 7, either for matrices of Eudragit ® RS-PO or Ethocel ® 100. In contrast, employing the Fessi's equation the values decrease as the LBD load in the matrices increase.
The time required for height reduction from the initial value to zero is the critical time (Eq. 3). At this time, the geometry of the matrices changes from an initial cylindrical form to a plate. According to that, the results obtained applying the Fessi's guidelines can not be justified, specially considering that the initial height (h 0 ) decreases as the drug load increases. More expectable results (similar surface areas for the plates at the critical times) have been obtained employing the proposed equation.
In the matrices with high polymer ratio (70%, 75%) the experimental critical times (Table 2 ) and the corresponding mean surface area (Fig. 4) were not calculated, because the time necessary to achieve these points was longer than the dissolution assay (12 h).
However, in our work a linear relationship between the initial surface area and the critical time was found for Ethocel ® 100 and Eudragit ® RS-PO matrices (Fig. 5) . Using the corresponding equation it has been possible to calculate the critical times in the lots with 70% and 75% polymer content (Table 3) .
In order to validate the developed mathematical methodology, the assumption established by Fessi of an almost linear Table 4 shows the results obtained in the estimation of O (0) and g, according to Eq. 8. The values of O (t) employed were calculated using either Eq. 6 or Eq. 7. Furthermore, the values of O (0) calculated from the experimental measurements of the tablet height and diameter, are shown in Table 4 .
In all cases using Eq. 7 instead of Eq. 6, the estimated initial areas were more similar to the experimental values. Also, the regression coefficients obtained with the use of Eq. 7 were higher than those obtained with Eq. 6. This result allows us to verify the linear relationship between diffusional cross section (O (t) ) and time.
Aplication of the Mathematical Procedure to the Estimation of the Percolation Threshold of LBD Equation 7
has been used for the first time to estimate the surface area in inert matrices at each time point.
Finally, the Eq. 9 was established in order to transform apparent release data (mg LBD) in intrinsic release data (mg LBD/cm 2 ). The Higuchi profiles were obtained by plotting Q (mg/cm 2 , from Eq. 9) vs. t. The Higuchi slope (b) was determined for all lots ( Table 5 ).
The Bonny and Leuenberger method was used to estimate the percolation threshold (p c1 ) of LBD in inert matrices. Table 5 summarizes the parameters used to determine the apparent diffusion coefficient, Eq. 10, and the beta (b) property, Eq. 11. In a porous matrix, p c1 corresponds to a critical porosity (e c ), where the pore network just begins to span the whole matrix. The equation proposed by these authors can be written as: Vol. 52, No. 7 (Figs. 1, 2) , these ranges correspond to a transition from fast release to controlled release of the drug.
5)
An estimation of the drug percolation threshold for these matrices has been carried out in a previous work, 11) based in the behaviour of the time to release 90% of the drug load (t 90% ). The obtained percolation ranges (27.31-32.55% v/v LBD for Ethocel ® 100 matrices and 30.93-35.78% v/v LBD for Eudragit ® RS-PO matrices) are in perfect agreement with the results obtained in the present study for the drug percolation thresholds using the proposed method.
Conclusions
A new method for the estimation of the difussional cross section (O (t) ) has been proposed and validated. This method provided results more similar to the experimental values than the previously existing procedures.
According to that, the values of the difussional cross section (O (t) ) in the matrices at each point can be used to transform the usually obtained apparent release data in drug released per surface area (intrinsic dissolution data). This transformation will facilitate the estimation of the drug percolation threshold using the method of Leuenberger and Bonny. 5, 6) The methodology proposed was validated in LBD controlled release matrices. The percolation thresholds estimated for LBD in Ethocel ® 100 and Eudragit ® RS-PO matrices were p c1 ϭ0.280Ϯ0.102 and p c1 ϭ0.344Ϯ0.07 (respectively) which corresponds to a random site percolation process in a three-dimensional lattice. 
